Microbial infections often precede the onset of autoimmunity. How infections trigger autoimmunity remains poorly understood. We investigated the possibility that infection might create conditions that allow the stimulatory presentation of self peptides themselves and that this might suffice to elicit autoreactive T cell responses that lead to autoimmunity. Self-reactive CD4 + T cells are major drivers of autoimmune disease, but their activation is normally prevented through regulatory mechanisms that limit the immunostimulatory presentation of self antigens. Here we found that the apoptosis of infected host cells enabled the presentation of self antigens by major histocompatibility complex class II molecules in an inflammatory context. This was sufficient for the generation of an autoreactive T H 17 subset of helper T cells, prominently associated with autoimmune disease. Once induced, the self-reactive T H 17 cells promoted auto-inflammation and autoantibody generation. Our findings have implications for how infections precipitate autoimmunity.
Autoimmunity is caused by pathogenic T cell and B cell responses directed against self [1] [2] [3] [4] . Genetic background is the strongest predisposing factor for autoimmunity; however, studies reporting disease discordance in identical twins and the large heterogeneity within a single disease 2, 5 indicate an additional role for environmental factors. Epidemiological studies have linked microbial infection and autoimmunity, which suggests that infection can trigger autoimmune disease [6] [7] [8] [9] . Several theories have been proposed, including the bystander activation of autoreactive T cells by inflammation or pathogen-encoded super-antigens, as well as 'epitope mimicry' , whereby self-reactive T cells are activated inappropriately by microbial peptides with homology to those from self 6, 10 . Whether the response of innate immune cells to infection induces the activation of self-reactive adaptive responses is not known. Instead of invoking 'epitope mimicry' , we investigated whether the presentation of self peptides themselves might be possible during certain infections and might result in the activation and subsequent differentiation of self-reactive T cells.
The presentation of self peptides by dendritic cells (DCs) in the context of inflammation and T cell co-stimulation is normally avoided and is thought to represent one mechanism of peripheral tolerance that prevents the priming of self-reactive T cells 11 . In vitro studies have shown that antigen presentation by bone-marrow-derived DCs (BMDCs) is regulated by Toll-like receptor (TLR) signals specifically from phagosomes containing pathogens and not from those containing apoptotic cells. This subcellular mechanism favors the presentation of microbial antigens over that of cellular antigens by major histocompatibility complex (MHC) class I and class II molecules 11, 12 . However, the phagocytosis of infected apoptotic cells delivers into the same phagosome both cellular antigens and microbial antigens, along with TLR ligands. Whether MHC class II molecules present self antigens and non-self antigens in this scenario has never been investigated.
Here we found that during an infection that causes the apoptosis of infected colonic epithelial cells, self-reactive CD4 + T cells with specificity to cellular antigens were activated along with CD4 + T cells specific to the infecting pathogen. The self-reactive CD4 + T cells differentiated into T H 17 cells, concordant with the inflammatory environment elicited by the combination of infection and apoptosis, which favors the development of a T H 17 response 13, 14 . We found that the emergence of self-reactive T H 17 cells during colonic infection was associated with autoantibody production, along with enhanced susceptibility to intestinal inflammation. Our results have implications for understanding how microbial infection can elicit a break in tolerance and set the stage for the subsequent development of autoimmunity.
RESULTS

MHC class II presentation of infected-apoptotic-cell antigen
Cellular antigens from apoptotic cells were presented by BMDCs only when those apoptotic cells concurrently contained a TLR ligand 11, 12 ( Supplementary Fig. 1a ). Because the phagocytosis of infected apoptotic cells would deliver TLR ligands along with cellular and microbial antigens to the same phagosome, we sought to determine whether cellular antigen could be presented alongside microbial antigen in this scenario. We infected mouse A20 lymphoma B cells that express the α-chain of I-E (Eα antigen) with recombinant Listeria monocytogenes expressing ovalbumin (LM-OVA), followed by induction of apoptosis with recombinant Fas ligand. Phagocytosis of LM-OVA-infected apoptotic A20 cells by BMDCs derived from C57BL/6J mice, which do not express Eα, led to the proliferation of both 1H3.1 CD4 + T cells (with transgenic expression of an Eα-specific T cell antigen receptor (TCR)) and OT-II CD4 + T cells (with transgenic expression of an OVA-specific TCR), but similar phagocytosis of uninfected A20 cells did not ( Fig. 1a and Supplementary Fig. 1b ). As expected, T cells proliferated in response to their respective cognate antigens derived from LM-OVA or from recombinant E. coli expressing OVA or Eα or to specific peptide pulsed onto BMDCs (Fig. 1a) .
We next turned to orogastric infection with the rodent pathogen Citrobacter rodentium, which infects colonic intestinal epithelial cells and induces their apoptosis 13 . We generated chimeric mice by reconstituting lethally irradiated Act-mOVA mice (which have transgenic expression of a membrane-bound form of OVA (mOVA) under control of the promoter of the ubiquitous gene encoding β-actin) with bone marrow from donor CD11c-DTR mice (which express the diphtheria toxin receptor (DTR) under control of the promoter of the gene encoding the integrin CD11c and are transiently depleted of DC populations after treatment with diphtheria toxin) ( Supplementary  Fig. 1c) . As a control, we generated chimeric mice in which wildtype C57BL/6J mice served as recipients (Supplementary Fig. 1c) . We adoptively transferred OT-II T cells (V α 2 + V β 5 + ), specific to the self-antigen OVA in this model, together with 1H3.1 T cells (V β 6 + ), for which no cognate antigen is present, into the chimeric host mice. After infection of the host mice with C. rodentium, the transferred OT-II T cells proliferated more in Act-mOVA chimeras than in wildtype chimeras, and this proliferation was driven by OVA, as no such proliferation of 1H3.1 T cells was induced by infection (Fig. 1b) . Both populations of T cells proliferated to a limited extent after transfer regardless of the presence or absence of cognate antigens and to an extent similar to that in uninfected mice (Fig. 1b) . OT-II T cells no longer proliferated in response to infection after diphtheria-toxininduced depletion of CD11c + cells or in response to infection with ∆EspF C. rodentium, a variant that lacks the secreted protein EPEC that mediates apoptosis 13 (Fig. 1b) . As expected, 1H3.1 T cells did not proliferate in response to either of those conditions (Fig. 1b) but did proliferate after injection of wild-type C57BL/6J mice with Eα-expressing E. coli (Supplementary Fig. 1d ). These data indicated that cellular antigens were presented by CD11c + cells during infection with C. rodentium and were presented in a manner dependent on the ability of infecting bacteria to induce apoptosis.
Pathogen-specific CD4 + T cells induced by C. rodentium infection
Intestinal T H 17 responses are typically measured by antigen-nonspecific stimulation ex vivo with the phorbol ester PMA and ionomycin ( Fig. 2a and Supplementary Fig. 2a) . To assess the antigen specificity of the T H 17 CD4 + T cell response in mice following infection with C. rodentium, we stimulated CD4 + T cells from the mesenteric lymph nodes (MLNs) or large intestinal lamina propria (LI LP) with splenocytes pulsed with lysates of C. rodentium or the control pathogen Listeria monocytogenes. A much smaller proportion of CD4 + T cells from infected mice responded by producing more interleukin 17 (IL-17) in response to C. rodentium than in response to L. monocytogenes, relative to the proportion of such cells obtained by stimulation with PMA and ionomycin ( Fig. 2a and Supplementary  Fig. 2a) . A fraction of C. rodentium-specific LI LP IL-17 + CD4 + T cells also produced interferon-γ (IFN-γ) and IL-22 ( Supplementary  Fig. 2a ). IL-17 + CD4 + T cells expressed the T H 17 cell-specific transcription factor RORγt ( Fig. 2b) and had low expression of the T H 1 cell-specific transcription factor T-bet but not of the regulatory T cell (T reg cell)-specific transcription factor Foxp3 ( Supplementary  Fig. 2a,b) , consistent with published reports 15 . MLN CD4 + T cells from infected mice secreted IL-17, IFN-γ and IL-22 when re-stimulated ex vivo with lysates of C. rodentium but not when re-stimulated ex vivo with lysates of L. monocytogenes (Fig. 2c) . Consistent with published studies 16 , colonic T H 17 cells did not produce the IL-10 characteristic of regulatory T H 17 cells in the small intestine 17, 18 ( Supplementary Fig. 2c ). Instead, we noted less production of IL-10 by CD4 + T cells from infected mice than by those from uninfected mice, and this IL-10 production was confined to Foxp3 + T reg cells (Supplementary Fig. 2c) .
Consistent with the fact that the T H 17 immune response is contingent on infection-induced apoptosis of colonic epithelial cells 13, 14 , the production of IL-17 by C. rodentium-specific LI LP CD4 + T cells was impaired after infection with ∆EspF C. rodentium relative to its production after infection with wild-type C. rodentium (Fig. 2d,e) , despite the similar proliferation of T cells in response to infection with wild-type C. rodentium or ∆EspF C. rodentium (Fig. 2d) . Indeed, 50-60% of LI LP CD4 + T cells proliferated in response to infection with either wild-type C. rodentium or ∆EspF C. rodentium, compared with an average of 20% in uninfected mice (Fig. 2d) A r t i c l e s homeostatic T cell proliferation in response to the gut microbiota 19 . We also noted similar shortening of the colon in response to infection with wild-type C. rodentium or ∆EspF C. rodentium and similar fecal and colonic abundance of these bacteria ( Supplementary Fig. 2d ), as reported before 13 . Finally, after re-stimulation ex vivo with bacterial-lysate-pulsed splenocytes, IL-17 production by CD4 + T cells was impaired in mice infected with ∆EspF C. rodentium relative to its production in mice infected with wild-type C. rodentium, but the secretion of IFN-γ was similar in these conditions (Fig. 2e) . Accordingly, LI LP CD4 + T cells had similar expression of T-bet after infection with either bacterial strain, while RORγt was expressed specifically after infection with wild-type C. rodentium but not after infection with ∆EspF C. rodentium (Supplementary Fig. 2e ). Consistent with published findings 20 , the frequency of Foxp3 + cells was diminished after infection with either wild-type C. rodentium or ∆EspF C. rodentium ( Supplementary Fig. 2a,e) . Therefore, a lack of apoptosis during infection did not affect the priming of CD4 + T cells in response to C. rodentium antigens but instead impaired the differentiation of C. rodentium-specific T H 17 cells.
Tracking self-reactive and pathogen-specific CD4 + T cells T H 17 cells mobilized after infections that cause apoptosis might be specific not only to the infecting pathogen but also to self antigen from infected apoptotic cells. Unlike endogenous autoreactive T cells, adoptively transferred T cells specific to a self antigen in recipient mice ( npg of natural T reg cells in which mice have transgenic expression of a TCR as well as its high-affinity cognate antigen [21] [22] [23] . For this, we crossed OT-II mice with Act-mOVA mice (Supplementary Fig. 3a) . The resultant offspring (called 'double-transgenic' (DTg) mice here) had OT-II CD4 + T cells specific to OVA as a self antigen. Consistent with published studies [21] [22] [23] , OVA-specific T cells in DTg mice underwent massive deletion but were still detectable in the thymus (at an abundance of ~1%, compared with an abundance of ~95% in OT-II mice) (Fig. 3a) , as well as in the MLNs (~5%) and large intestine (~8-10%), where a major polyclonal CD4 + T cell population was also present ( Supplementary  Fig. 3b,c) , reflective of pairing of the transgenically expressed TCRβ chain with endogenous TCRα chains 24 . We detected OT-II CD4 + T cells in the secondary lymphoid organs of DTg mice on the basis of high expression of α-chain variable region 2 (V α 2), to exclude the detection of T cells expressing endogenous TCRα chains 25 , or through the use of a specific tetramer of I-A b and peptide of OVA amino acids 328-337 (I-A b -OVA(328-337)), which showed their ability to bind cognate peptide presented on self MHC class II (Supplementary Fig. 3b,c) . LI LP OT-II CD4 + T cells in both DTg mice and OT-II mice were CD44 + (Supplementary Fig. 3c) , consistent with the phenotype of intestinal CD4 + T cells 26, 27 . OT-II T cells in DTg mice also had higher expression of the negative regulator CD5, which correlates with TCR autoreactivity 28 , than that of MLN or LI LP OT-II T cells in OT-II mice (Fig. 3b) . Furthermore, CD4 + T cells from OT-II mice stained more brightly after detection with either I-A b -OVA(328-337) or antibody to V β 5 (anti-V β 5) than did those from DTg mice ( Supplementary  Fig. 3b,c) . This suggested that T cells with high avidity for I-A b -OVA(328-337) were eliminated in DTg mice, while those with low avidity remained, as reported before [21] [22] [23] . Consistent with a published report 22 , the thymus, MLNs and LI LP of DTg mice showed enrichment for Foxp3 + T reg cells expressing the V α 2V β 5 TCR (~28%, 18% and 40%, respectively) relative to their abundance in OT-II mice (Fig. 3c,d) . Indeed, self-reactive V α 2 hi V β 5 + T cells in the LI LP of DTg mice showed enrichment for Foxp3 + T cells relative to the abundance of Foxp3 + T cells among V α 2 − V β 5 − CD4 + T cells (Fig. 3d) . V α 2 hi V β 5 + OT-II T cells from DTg mice did not have detectable expression of the transcription factors T-bet, GATA3 or RORγt (Fig. 3e) .
Splenic CD25 − CD4 + T cells from DTg mice underwent less proliferation than did those from OT-II mice when stimulated in vitro with BMDCs pulsed with the cognate peptide OVA (329-337), despite the high concentration of peptide we used (Fig. 3f) , which suggested 'antigen tuning' of the self-reactive TCR 29 . They also failed to secrete IL-17, consistent with their lack of RORγt expression (Fig. 3e,g ). These cells secreted IL-17 only when primed by BMDCs that had phagocytosed B cells that contained TLR ligand and expressed OVA (Fig. 3g) , consistent with T H 17 differentiation after simultaneous recognition by DCs of TLRs and apoptoticcell-derived ligands 13, 14 .
Finally, despite the increased frequency of autoreactive CD4 + T cells, DTg mice did not spontaneously develop autoimmunity and were healthy (data not shown), as noted before 22 . DTg mice did not exhibit altered susceptibility to C. rodentium relative to that of wild-type or OT-II mice, according to statistically insignificant differences in bacterial burden and colitis scores after infection ( Supplementary  Fig. 4a,b) . Additionally, the polyclonal LI LP T H 17 cell response after infection was similar in DTg mice and Act-mOVA mice (Supplementary 
C. rodentium infection activates self-specific CD4 + T cells
We next investigated whether infection with C. rodentium known to induce apoptosis of colonic epithelial cells 13, 14 could prime self-reactive CD4 + T cells specific to cellular antigens derived from infected apoptotic cells. We observed a significantly greater frequency of V α 2 hi V β 5 + CD4 + T cells positive for the thymidine analog BrdU in the LI LP of DTg mice after infection (~50%) than in that of uninfected DTg mice (~30%) (Fig. 4a) . Since C. rodentium infection 'preferentially' induces T H 17 cell-mediated immunity 14 , we investigated whether self-reactive CD4 + T cells were also able to acquire this phenotype. Notably, ~15% of self-reactive V α 2 hi V β 5 + CD4 + T cells in the LI LP proliferated and produced IL-17 (Fig. 4a) . We crossed DTg mice to IL-17A-eGFP reporter mice, which have sequence encoding enhanced green fluorescent protein (eGFP) inserted into the Il17a locus 17 , and tracked endogenous self-reactive CD4 + T cells by tetramer staining (Fig. 4b) . Consistent with the proliferation and IL-17 production of self-reactive V α 2 hi V β 5 + CD4 + T cells (Fig. 4a) , the frequency of I-A b -OVA(328-337) + CD4 + T cells from DTg IL-17A reporter mice increased (approximately threefold) after infection with C. rodentium relative to their abundance in uninfected DTg IL-17A reporter mice, and this was specific, as we detected no similar increase by staining for an irrelevant tetramer (Fig. 4b) . Fig. 4b ). Self-reactive V α 2 hi V β 5 + cells had RORγt expression similar to that in non-self-reactive V α 2 − V β 5 − IL-17-producing CD4 + T cells, but, notably, they did not express Foxp3 (Fig. 4c) , which identified these cells as true T H 17 cells. As noted for total LI LP Foxp3 + CD4 + T cells (Supplementary Fig. 2c ), the frequency of self-reactive Foxp3 + V α 2 hi V β 5 + T reg cells and their expression of IL-10 was lower in infected DTg mice and in the progeny of DTg mice crossed to mice with sequence encoding eGFP knocked into the Il10 locus (Supplementary Fig. 5a ). Whereas MLN CD4 + T cells from both infected Act-mOVA mice and infected DTg mice produced IL-17 in response to C. rodentium antigens (a C. rodentium-specific response), only DTg mice had a population that secreted IL-17 in response to splenocytes pulsed with OVA(323-339) peptide (a self-specific response) but not in response control peptide (Fig. 4d) , which confirmed the induction of T H 17 cells specific to self antigen in DTg mice. Notably, these cells did not secrete significantly more IFN-γ or IL-22 than did those from uninfected mice or those stimulated with non-cognate peptide (Fig. 4e) . On the other hand, LI LP C. rodentium-specific T H 17 cells secreted IL-22, and a subset of these cells acquired expression of IFN-γ and T-bet ( Fig. 2c and Supplementary Fig. 2a,b) . This was also observed in C. rodentium-specific CD4 + T cells purified from the MLNs of DTg mice (Fig. 4e) . The types and levels of cytokines produced by C. rodentium-specific MLN CD4 + T cells were similar in DTg mice and wild-type mice (Figs. 2c and 4d,e) an intact C. rodentium-specific response (Supplementary Fig. 4) . Collectively, these results demonstrated the generation of a distinct self-reactive T H 17 response alongside a C. rodentium-specific T H 17 response after infection.
No antigen mimicry in the activation of self-specific CD4 + T cells The potential expression of a second TCR due to incomplete allelic exclusion of rearrangements to the Tcra locus 25 raised the possibility that self-reactive CD4 + T cells might recognize a microbial antigen. We reconstituted irradiated CD45.1 + CD45.2 + Act-mOVA mice with bone marrow from CD45.2 + OT-II Tcra −/− mice. Because such mice might be unable to cope with C. rodentium infection, chimeras also received bone marrow from CD45.1 + wild-type mice at a ratio of 1:1 ( Supplementary  Fig. 5b ). The recipient mice expressed OVA as a self antigen and had CD45.1 + CD4 + T cells with a polyclonal TCR repertoire and CD45.2 + CD4 + T cells that expressed a monoclonal V α 2V β 5 TCR fixed on a Tcra −/− background (Fig. 5a) . A low frequency of CD45.2 + CD4 + T cells in the LI LP and thymus ( Fig. 5a and Supplementary Fig. 5b ) indicated negative thymic selection, as reported in similar models 22 . Notably, infection with C. rodentium induced IL-17 production not only by polyclonal CD45.1 + CD4 + T cells but also by the self-reactive CD45.2 + OT-II Tcra −/− population (Fig. 5a) . These data confirmed the conclusion that the V α 2V β 5 TCR, which is specific to OVA as a self antigen in this model, and not another TCR composed of V β 5 paired with a different V α region, was responsible for the activation and differentiation of self-reactive T cells.
Infection-induced apoptosis drives self-reactive T H 17 cells
If the source of self antigen were indeed apoptotic cells, the absence of apoptosis would impair both the proliferation and the T H 17 differentiation of self-reactive CD4 + T cells. Self-reactive CD4 + T cells failed to differentiate into T H 17 cells and, more importantly, were unable to proliferate in mice infected with ∆EspF C. rodentium (which cannot induce apoptosis), in contrast to results obtained for mice infected with wild-type C. rodentium (Fig. 5b) . Among V α 2 hi V β 5 + cells, the frequency of proliferating cells was similar in uninfected mice and mice infected with ∆EspF C. rodentium (Fig. 5b) . Blocking apoptosis during infection with wild-type C. rodentium (by treatment with a pan-caspase inhibitor that does not affect T cell activation 13 ) also impaired the differentiation of self-reactive CD4 + T cells into T H 17 cells (Supplementary Fig. 5c ). Blocking presentation by MHC class II during infection with wild-type C. rodentium impaired the proliferation and IL-17 production of self-reactive V α 2 hi V β 5 + CD4 + T cells (Fig. 5b) . These results demonstrated the need for antigen presentation in the activation of self-reactive CD4 + T cells during infection-induced apoptosis.
Infection-associated autoantibody secretion and colitis
The induction of T H 17 cells after colonization with segmented filamentous bacteria or infection with epithelial-cell-adherent bacteria 30 or after model oral vaccination 31 or C. rodentium infection 13, 30 is accompanied by an increase in intestinal immunoglobulin A (IgA). Autoantibodies are a key characteristic of autoimmune diseases, including those of the gastrointestinal tract 4, 32, 33 . C. rodentium infection induced an increase in serum anti-OVA IgA at day 40 after infection in DTg mice that was not observed in ActmOVA, wild-type or OT-II mice (Fig. 6a) . Furthermore, we detected anti-OVA IgG1 in infected DTg mice but not in infected Act-mOVA mice, but the concentrations of anti-OVA IgM were similar in these mice (Supplementary Fig. 6a ). The appearance of OVA-specific IgA 
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A r t i c l e s and IgG1 autoantibodies was accompanied by the presence of OVAspecific self-reactive T H 17 cells in DTg mice but not in Act-mOVA mice (Fig. 4a,b,d) , suggestive of the provision of help to B cells by T H 17 cells 33 .
To address the role of autoreactive CD4 + T cells in autoantibody secretion, we generated Act-mOVA chimeras reconstituted with bone marrow from Thy1.2 + wild-type mice and Thy1.1 + OT-II mice (Supplementary Fig. 6b ), which allowed specific depletion of OT-II T cells with anti-Thy1.1 before infection with C. rodentium. Notably, depleting the mice of OT-II T cells abolished the anti-OVA IgA response (Fig. 6b) . On the other hand, serum anti-OVA IgM levels were similar in anti-Thy1.1-treated mice and untreated mice, consistent with the T cell-independent nature of the IgM response, while we no longer detected serum anti-OVA IgG1 (Supplementary Fig. 6c) . Thus, self-reactive T cells were responsible for the generation of classswitched IgA autoantibodies in this model.
Notably, 60% of DTg mice showed colonic neutrophilic and lymphocytic infiltration at day 40 after infection with C. rodentium, with foci of aggregation suggestive of a combined acute and chronic inflammatory process, whereas little to no pathology was detected in similarly infected wild-type, OT-II or Act-mOVA mice (Fig. 6c,d) . Various levels of epithelial hyperplasia and depletion of goblet cells were also observed (Fig. 6c,d) . The pathology of the large intestine in the infected DTg mice was not due to an inability to clear bacteria (Supplementary Fig. 4b) . A milder pathology was observed in chimeric mice after depletion of Thy1.1 + OT-II cells ( Supplementary  Fig. 6d) . Therefore, an enteric apoptosis-inducing infection has the potential to elicit intestinal pathology through the generation of a self-reactive T H 17 response (Supplementary Fig. 6e ).
DISCUSSION
Cumulative evidence has challenged the conclusion that clonal deletion purges the repertoire of self-reactive T cells 34, 35 . Comparison of the frequency of self-reactive CD4 + T cells among a normal repertoire in mice lacking or expressing a defined self antigen has shown the persistence of one third of low-affinity self-reactive Foxp3 + or Foxp3 − CD4 + T cells, despite the presence of self antigen 36 . Similar findings have been reported for self-reactive CD8 + T cells 37, 38 . Autoreactive T cells have been detected in the peripheral blood of healthy subjects at a frequency similar to that in patients with autoimmune disease 9, 34, 39 . In the context of autoimmune pathologies (such as celiac disease) with a strong association with polymorphisms in MHC class II molecules, epidemiological and genetic studies have shown that achieving a threshold number of autoreactive T cells is necessary for disease 40, 41 . Genetic susceptibility to autoimmunity also includes anomalies in thymic selection and T cell signaling 1, 42 . An increasing abundance of self-reactive cells and their progressive acquisition of an effector phenotype directly correlate with disease precipitation 40, 41 . Nevertheless, the frequency of self-reactive T cells is small due to thymic deletion or inactivation 35, 43 , which makes it difficult to study and characterize these cells.
Transgenic expression of a TCR in a context in which its cognate antigen is expressed as self leads to the generation of a low but detectable number of low-affinity self-reactive T cells that overcome thymic tolerance [21] [22] [23] . Using this experimental system, we have shown how infection contributed to the differentiation of autoreactive CD4 + T cells into T H 17 cells associated with several autoimmune diseases [44] [45] [46] . By eliminating the possibility for self-reactive CD4 + T cells to express TCRs other than the self-reactive TCR, we have shown that the cognate self antigen-TCR interaction was responsible for this activation. In this same model, successful mobilization of a CD4 + T cell response to C. rodentium infection demonstrated the preservation of a functional polyclonal T cell repertoire. During an infection that causes host-cell apoptosis, the T H 17 fate of CD4 + T cells is a consequence of innate recognition of infected apoptotic cells, which promotes production of the cytokines TGF-β (in response to apoptosis-induced phosphatidyl serine) and IL-6 (in response to TLR ligands from the infection) by DCs 13, 14 . After phagocytosis of infected apoptotic cells, the simultaneous phagosomal compartmentalization of apoptotic cells and microorganisms together with TLR ligands optimally tailors such phagosomes for antigen presentation 11 , which provides the opportunity -test (a,c) or t-test (b) ). Data are representative of three experiments with n = 6 mice (DTg and Act-mOVA at day 9; wild-type and OT-II at day 40) or n = 8 mice (DTg and Act-mOVA at day 40) (a; mean + s.d.), two experiments (b) or three experiments with n = 6 mice (ActmOVA), n = 9 mice (wild-type and OT-II) or n = 15 mice (DTg) (c,d).
for both self peptides and non-self peptides to be loaded onto MHC class II molecules.
C. rodentium induces apoptosis as the specific mode for the death of colonic intestinal epithelial cells, and the T H 17 response is considerably impaired in mice infected with ∆EspF C. rodentium (which cannot induce apoptosis) 13, 14 . Necrosis or pyroptosis are not expected to 'instruct' T H 17 differentiation, mainly because of the inability of these processes to induce the simultaneous secretion of biologically active TGF-β and inflammatory cytokines by DCs 13, 14 . Although NLRP3-inflammasome-dependent pyroptosis has been reported in response to C. rodentium and, regardless of the expression of some effectors of the pathogenicity island LEE ('locus of enterocyte effacement') 47 , the lack of activation of self-reactive CD4 + T cells after infection with ∆EspF C. rodentium challenges the proposal of a role for pyroptosis in releasing intact self antigens or driving bystander activation of self-reactive CD4 + T cells. Furthermore, the latter cannot be driven by infection-induced inflammation itself, as indicated by the impaired activation of self-reactive CD4 + T cells after blockade of MHC class II.
Self-reactive T cells are controlled by peripheral Foxp3 + T reg cells 39 . Indeed, autoimmune disease in mice and humans lacking Foxp3 + CD4 + T cells is strong evidence for the presence of self-reactive CD4 + T cells within the normal T cell repertoire 22 . Systemic ablation of T reg cells mediates the activation of CD4 + T cells with specificity to select tissue-restricted self antigens after immunization with the cognate peptide 48 . Intact peripheral tolerance might explain the healthy status of our DTg mice and the absence of an effector phenotype among self-reactive CD4 + T cells at steady state, as well as the moderate intestinal pathology elicited after an infection that induces apoptosis. On the other hand, a decrease in IL-10 and Foxp3 + CD4 + T cells after infection with C. rodentium in both DTg mice and wild-type mice, as has been reported before 20 , might enable the mobilization of an anti-bacterial T H 17 response and additionally contribute to the activation of self-reactive T cells in our model. One proposed mechanism for the decrease in the abundance of Foxp3 + CD4 + T cells after infection is that secretion of IL-1 during C. rodentium infection favors differentiation into T H 17 cells over differentiation into T reg cells during infection 20 .
Microbes that adhere to intestinal epithelial cells induce both T H 17 cell differentiation and IgA secretion 30 , as has also been shown for C. rodentium 13, 30 . Notably, we also found a link between differentiation into self-reactive T H 17 cells and IgA production whereby self-reactive IgA produced in response to C. rodentium infection was abolished after the deletion of self-reactive CD4 + T cells. Selfreactive T H 17 cells might migrate to germinal centers in the large intestine to interact with B cells and facilitate IgA class switching 49 . Additionally, the enhanced susceptibility of DTg mice to colitis was ameliorated by depletion of self-reactive CD4 + T cells, which would suggest a role for self-reactive T H 17 cells in the development of colitis. Indeed, increased IgA and T H 17 responses have both been associated with inflammatory bowel disease, albeit in the context of the recognition of microbes 30, 50 . The colitis observed here was mild, probably because auto-aggression by self-reactive T cells would culminate in full-blown autoimmunity only in the setting of polymorphisms in multiple genes encoding products involved in immunotolerance and immune-system function, consistent with the multifactorial etiology of autoimmune disease 1 . Finally, the link between infection and the activation of autoreactive T cells supports the idea that pathogen tropism could determine the specific localization of autoimmune diseases, despite ubiquitous expression of self antigens 2 . Thus, our study has identified a mechanism by which infection might trigger autoimmune disease in genetically susceptible people and has implications for new therapeutic avenues to limit disease precipitation.
METHODS
Methods and any associated references are available in the online version of the paper. 
